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bundles to the membrane of gut
microvilli [16], where they are
thought to drive membrane
towards the tips of protrusions.
Although it is not yet clear whether
myosin I homologues play a similar
role in the fly, Myo31DF and
Myo61F are found localized to the
brush borders of fly hindgut
epithelial cells soon after the gut
has taken on its characteristic
sinistral twist [11]. In addition,
over-expression of the
ERM-protein Moesin, another key
regulator of microvilli structure,
randomizes the direction of
Myo31DF and Myo61F dependent
L–R morphogenesis [10],
suggesting a link between L–R
symmetry-breaking and microvilli.
As Myo31DF and Myo61F are both
expected to move towards the
barbed ends of actin filaments, the
functional antagonism between
these motors is likely to be
mediated by differences in their
cargo. The conserved IQ domains
of myosin I may also play a role
since they are essential for
symmetry breaking [9], and target
a mouse myosin I to brush borders
[17]. In a search for relevant
cargo, Speder et al. [9] identified
beta-catenin bound to the tail
domain of Myo31DF. Intriguingly,
beta-catenin also binds Inversin,
the only protein capable of
reversing L–R determination in the
mouse [18–20], where it may be
linked to cadherin-mediated
adhesion or Wnt signalling. These
data point to a possible link
between these processes in the
mouse and fly. Clearly, more has to
be done before we understand the
functions of Myo31DF and Myo61F
in L–R symmetry-breaking. But,
given the excitement generated by
these findings, we will soon learn
whether the functions of myosin I
motors in other bilateral animals
mirror those of Myo31DF and
Myo61F in the fly.
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R504T-Cell Memory: The Importance
of Chemokine-Mediated Cell
Attraction
A recent study demonstrates the involvement of certain chemokines in
immune response initiation and CD8+ T-cell memory formation. These
seminal findings broaden our understanding of the role of chemokines in
adaptive immune processes.Bernhard Moser
Chemokines represent a class of
pro-inflammatory cytokines that
have the ability to attract and
activate leukocytes. Our current
knowledge about chemokines and
adhesion molecules underscores
the strict relationship between
leukocyte localization and
leukocyte function [1,2]. In the caseof T- and B-cell responses, three
key events are regulated by
chemokines, namely pathogen
contact and processing in the
tissue, immune response initiation
in the draining lymph node, and
pathogen neutralization by newly
generated, pathogen-specific
effector cells. Recent work by Ron
Germain and colleagues [3] now
demonstrates that chemokines
Dispatch
R505facilitate the interactions between
CD8+ T cells, CD4+ T cells and
dendritic cells in the lymph node
and promote CD8+ T-cell memory
formation. Here I shall discuss the
importance of the new findings
using as an example the primary
infection of human skin by
molluscum contagiosum (MC)
virus, a poxvirus inducing strong
CD8+ T-cell responses.
Infection with viruses, such as
MC virus, induces local innate
responses, including expression of
stress factors and proinflammatory
cytokines. In response, resident
macrophages, dendritic cells and
tissue cells secrete a variety of
inflammatory chemokines leading
to the first step in the immune
response against MC virus
(Figure 1). Naı¨ve T cells, the
antigen-inexperienced precursors
that give rise to effector T cells, do
not respond to inflammatory
chemokines and are largely
excluded from inflamed peripheral
tissues. The transition of naı¨ve T
cells into effector/memory T cells
occurs in secondary lymphoid
tissues, such as axillary lymph
nodes draining the portion of skin
infected with MC virus (Figure 1).
Lymph nodes are highly
specialized organs in which
blood-derived, naı¨ve T cells
come into contact with
antigen-presenting cells
presenting peptides from
tissue-derived pathogens in the
so-called T zones. Lymph nodes
also harbor naı¨ve, mature B cells in
the follicular compartments (B
zones) where pathogen-selective
antibody responses are initiated.
Since naı¨ve T cells do not get
access to MC virus at the site of
infection, the virus needs to reach
the draining lymph node, either via
drainage of particulate viral
antigens in fluid phase or via
cellular transport of the whole
virus. Interstitial dendritic cells
make up the prototype
antigen-transport/presenting
system [4], but lymphocytes may
also fulfill this function under
special circumstances [5].
Dendritic cells within tissues
endocytose pathogenic
components, such as debris of MC
virus-infected epidermal














































Figure 1. Leukocyte relocation in the course of MC virus infection.
MC virus infection of keratinocytes within human epidermis initiates sequential leukocyte
relocation steps involving: lymph node homing of antigen-presenting dendritic cells and
naı¨ve T cells; T cell–dendritic cell and T cell–B cell interactions in the T zone andB zone of
the axillary lymph node; and relocation of newly generated, MC virus-specific effector
T cells to the MC virus infection site. MC, molluscum contagiosum; DC, dendritic cell;
iDC/mDC, immature/mature DC; Mf, macrophage; CD4-T/CD8-T, CD4+ T cell/CD8+
T cell; Effector-T, effector T cell ; TFH, follicular B helper T cell; B, B cell; Plasma-B, plasma
cell; Ab, antibody; Inf-CR, receptors for inflammatory chemokines.complex (MHC)–peptide
complexes that are displayed on
the dendritic cell surface [6].
Alternatively, dendritic cells can
also serve as transport vehicles of
unprocessed antigen. At the site of
infection and inflammation,
dendritic cells undergo a crucial
transformation, termed
‘maturation’, which entails two key
processes: stabilization ofantigen-presentation and T-cell
co-stimulation features; and
substitution of their inflammatory
migration program with a ‘lymph
node homing’ program [4]. The
migratory changes involve the de
novo expression of the chemokine
receptor CCR7, which allows
mature dendritic cells to respond to
the chemokines CCL19 and CCL21
expressed on lymphatic vessels
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feed lymph nodes and dendritic
cells within the T zone of lymph
nodes. Naı¨ve T cells in peripheral
blood also express CCR7 and
respond to these T-zone
chemokines. Collectively, CCR7
and its two selective chemokines
CCL19 and CCL21 are an integral
part of the lymph node homing
program, which contributes to the
second step in the course of
adaptive immune responses,
namely, the co-localization of
antigen-presenting dendritic cells
and naı¨ve T cells (Figure 1) [1,7].
It is interesting to note that
immature dendritic cells present in
healthy peripheral tissues also
appear to depend on this lymph
node homing receptor for induction
of tolerance against self-antigens
[8]. Similarly, some effector/
memory T cells in peripheral
tissues may also use CCR7 for
lymph node entry, although their
precise role in intranodal immune
processes remains to be
determined [9,10]. Finally, a subset
of memory T cells in peripheral
blood expresses this receptor and
uses it for continuous access to
lymph nodes and spleen [7].
Lymph nodes are structurally
divided into T-cell and B-cell
compartments. The T-cell
compartment is characterized by
dynamic interactions between
antigen-presenting dendritic cells
and naı¨ve T cells, whichmay lead to
T cell priming and effector/memory
T-cell generation [11]. Localisation
of naı¨ve CD8+ T cells to the T zone
may not fully depend on CCR7 and
CCL19/CCL21, although contact
with MHC class I–peptide-
presenting dendritic cells andCD4+
T cells in the T zone is mandatory
for CD8+ T-cell activation [12]. In
the recent study, Ronald Germain
and his group [3] now show that
CD4+ T cells produce the
chemokines CCL3 and CCL4
during their engagement with
antigen-presenting dendritic cells.
Interestingly enough, these
chemokines contribute to the
recruitment of naı¨ve CD8+ T cells to
the site of CD4+ T cell–dendritic cell
interactions within the T zone of
lymph nodes, thus enabling the
assembly of all three cellular
players. Neutralization of CCL3 and
CCL4 reduced the extent ofco-localization of these three cell
types and, surprisingly, had an
unfavorable effect on the
development of a long-lasting
CD8+ T-cell memory.
This remarkable finding merits
further discussion. CD4+ T cells are
known to secrete chemokines (and
cytokines) upon T-cell receptor
triggering. In most instances, these
chemokines belong to the broad
category of inflammatory
chemokines, which attract effector
cells to sites of inflammation [1].
However, a subset of CD4+ T cells
synthesizes the homeostatic
chemokine CXCL13, which
orchestrates the co-localization of
CD4+ T helper cells and B cells in
the B-cell compartment during the
initiation of B-cell responses [13].
In brief, CD4+ T-cell priming in the
T zone of lymph nodes results in de
novo expression of activation and
memory markers as well as
CXCR5, the receptor that is
selective for CXCL13 and is
uniformally expressed in mature,
naı¨ve B cells. This special CD4+
T-cell subset, termed follicular B
helper T cells (TFH cells), becomes
engaged in B-cell differentiation
and plasma cell generation
(Figure 1) [13]. In analogy to the
recently described effects of
T-zone-produced CCL3 and CCL4
[3], TFH cell-derived CXCL13 may
contribute to sequential contacts
between B cells and TFH cells
within the B-cell compartment. At
present, there is no evidence to
support a direct effect of CXCL13
on B-cell differentiation,
suggesting that the primary role of
this chemokine is the control of
co-localization between T cells and
B cells. The situation might be
different for the T-zone
chemokines CCL19 and CCL21,
which, in addition to their role
in the co-localization of T cells
and dendritic cells (see above),
may also directly affect T helper
cell differentiation [14,15].
Whether or not the CCL3 and
CCL4 chemokines produced by
CD4+ T cells fulfill similar
functions in CD8+ T-cell
differentiation requires further
examination.
In the scheme outlined by
Germain and colleagues [3], naı¨ve
CD8+ T cells must express CCR5,
the only receptor for CCL4 and oneof two receptors for CCL3
(Figure 1). It is important to note
that naı¨ve and resting CD8+ T cells
do not express CCR5 or any other
type of receptor for inflammatory
chemokines. The stimuli that
induce CCR5 expression in naı¨ve
CD8+ T cells have not yet been
identified but may be part of the
highly complex process of
leukocyte extravasation [16]. On
a final note, the observed effect of
CCL3/CCL4 on CD8+ T-cell
memory formation provokes
additional questions, including
those concerning the spatial and
temporal parameters dictating the
fate of CD8+ T cells in the course of
effector versus memory cell
differentiation.
In the MC virus model,
interactions between MC virus
peptide-presenting dendritic cells
and naı¨ve, MC virus-specific T cells
in the T zone of lymph nodes
results in the generation of MC
virus-specific effector T cells. CD4+
T cells enhance dendritic cell
maturation through CD40
engagement and, in return, fully
mature dendritic cells provide
soluble and cell-associated factors
for the differentiation of CD4+
T cells as well as CD8+ T cells. As
discussed above, newly primed
CD4+ T (TFH) cells are also required
for mounting MC virus-specific
B-cell responses. At the effector
stage of adaptive immune
responses MC virus-selective
effector T cells are no longer
retained in the draining lymph node
[17]. Instead, they display
a migration program that enables
the third and final step in our model
of skin infection (Figure 1). This
step depends fully on the
expression of those chemokine
receptors that target the MC
virus-specific effector T cells to the
infected skin tissue. As a final
remark, this third step of cellular
co-localization does not account
for the regulation of homing of
long-lastingmemory T cells. In fact,
in order to avoid unwarranted
tissue damage, the chemokine
system(s) controlling memory
T-cell traffic in healthy tissue
should not attract short-lived
effector T cells [18,19]. The study
by Germain and his group [3]
underscores a remarkable
relationship between early events
Dispatch
R507in naı¨ve CD8+ T-cell activation and
CD8+ T-cell memory formation and
suggests that these early events
may also affect the migratory
properties in long-lasting memory
CD8+ T cells.
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DOI: 10.1016/j.cub.2006.06.008Koubova et al. [6] and Bowles et al.
[7] show that retinoic acid (RA)
signalling is part of the switch that
determines whether germ cells will
develop as oocytes or as
prospermatogonia.
The identification of two genes
with particular gonadal expression
patterns pointed towards the
involvement of RA signalling in the
control of the initiation of germ cell
meiosis during embryogenesis.
The RA-responsive gene Stra8was
first identified in a screen for genes
induced by RA in embryonal
carcinoma cells. Analysis of its
expression pattern in the
developing gonad showed that it
was specific to germ cells of female
(XX) embryos at a stage and
pattern that preceded the onset of
meiosis in the ovary by a day [8].
This suggested that Stra8 was an
early marker of meiotic initiation. At
13.5 dpc, the gene Cyp26b1, which
encodes an enzyme that
metabolizes RA to an inactive form,
was found to be expressed
exclusively in the somatic cells of
the male (XY) gonad [9]. These
expression patterns suggested
that RA might be responsible for
